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piedetermined criteria. ecu per iuu milliliters) when the corrected fluorescence values are positive meet certain 
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RAPID COLIFORM DETECTION SYSTEM 



CROSS REFERENCE TO -RELATED APPLICATION 
This is a Continuation-in-Part of U.S. Ser. No. 
5 07/653,869, filed on February 8, 1991 which was a Continuation 
of U.S. Ser. No. 07/117,481, filed on November 5, 1987, now 
abandoned . 

BACKGROUND 

10 The present invention relates to rapid methods for 

detecting microorganisms in products for human consumption or 
use, and, more particularly, but not by way of limitation, to 
methods for detecting the presence or absence of fecal coliform 
bacteria in water sources. 

15 Due to numerous reported cases of waterborne 

diseases, the U.S. EPA promulgated new regulations requiring 
more stringent monitoring of the hygienic quality of drinking 
water in 1991. The problem is the same on a world wide basis. 
In developing countries, it is estimated that 8096 of morbidity 

2o and 33% of mortality is due to poor hygienic water quality. 
The result of this has been a substantial development in the 
market for rapid methods for detecting the hygienic quality of 
water. 

In spite of the acute and immediate need for rapid 
25 monitoring and control of water quality, - only minor improve- 
ments have been achieved since the introduction of the 
"Bacterium Coli M as an indicator 70 yelars ago. Current 
- methodology of - the -detection- of- -the "coliform - group" - still 
generally requires 24 - 48 hours incubation. 
5c It is evident that industries (water , food, beverage, 

drug, and energy, for example) which are dependant on using or 
delivering a safe water quality, require quick response to 
hygienic variations, so that immediate actions can be taken. 
Other market areas are armed forces which need continuous 
35 monitoring and verification of safe drinking water quality and 
protection against bacteriological warfare, both regarding war 
and natural disaster situations. This is especially critical 
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for military field operations, or civil emergency situations 
where military personnel are responsible for public health. 

Market surveys show that the following market volumes 
exist for the drinking water industry; 

Scandinavia : 650 to 850 000 tests per annum; 
EEC : 6 000 to 8 000 000 tests per \ 

annum; 

World wide : up to 20 000 000 tests per 

annum. 

Market volumes may increase by improved technology, and 
due to the increased focus on internal quality control in the 
water industry. 

Standard methods for assessing the hygienic quality of 
water, using either membrane filtration (MF) or Most Probable 
Number (MPN) techniques, require 24 to 72 hours to complete. 
It is recognized that the elapsed time is far too long to warn 
of substandard quality and circumvent debilitating or life- 
threatening diseases. According to the reference Standard 
Methods (American Public Health Association, 1989, Standard 
Methods for the E-xamlnatl on of Watftr and WastwatPr i7 t h ed., 
American Public Health Association, Washington, D.C. ) there are 
a number of rapid methods based upon different principles of 
detection. The methods generally, however, either lack 
sensitivity, or require such a long time that the possibility 
for truly rapid determinations are limited. There is a need 
therefore for a system which will rapidly detect the presence 
of fecal coliform bacteria in samples. When used herein, the 

term "presence", is defined, as -the occurrence- of one- or more 

fecal coliform cells per 100 milliliters of sample. 

SUMMARY OF THE INVENTION 
The present invention in one version comprises a rapid 
presence-absence method for concluding when an original liquid 
or liquified sample contains at least one fecal coliform cell $ 
per 100 milliliters. An original sample or liquified sample 
is divided into portions, for example three portions, and each 
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portion is filtered for retaining microorganisms present in the 
sample on the filter. 

In this manner, a first portion of the original sample is 
filtered through a first filter, a second portion of the 

5 original sample is filtered through a second filter, a third 
portion of the original sample is filtered through a third 
filter, and so on. 

An actuating medium having a fluorogenic substrate for 
yielding a fluorescent product is provided. Also provided are 

io sample containers for the first, second, and third samples and 
control containers for the controls which are run concurrently 
with the samples. Each container is provided with a predeter- 
mined quantity of actuating medium. After the filtering steps, 
the first filter is placed into the actuating medium contained 

15 in the first sample container, the second filter is placed into 
the actuating medium contained in the second sample container 
and the third filter is placed into the actuating medium 
contained in the third sample container. 

An incubator which has a heat transference medium which 

20 maintains an intimate physical contact with each container 
disposed therein is provided. The first sample container and 
the first control container are incubated for a brief first 
duration. Beginning at approximately the same time, the second 
sample container and the second control container are incubated 

25 for a second duration, and the third sample container and the 
third control container are incubated for a third duration. 

After the brief first duration, the pH of the contents of 

— the. first— sample -container - and -the contents of the -first - 

control container are adjusted to an alkaline pH. Similarly, 

30 after the second duration the contents of the second sample 
container and the contents of the second control container are 
adjusted to an alkaline pH, and the contents of the third 
sample container and the contents of the third control 
container are adjusted to an alkaline pH after the third 

35 duration. 

After adjusting the pHs of the sample containers and the 
control containers, the sample and control containers are 
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irradiated with a predetermined excitation wavelength of light. 
After each irradiation step, a first sample fluorescence value 
is measured from the first sample container and a first control 
fluorescence value is measured from the first control contai- 
5 ner. Similarly, a second sample fluorescence value is measured 
from the second sample container and a second control fluor- 
escence value is measured from the second control container, 
and a third sample fluorescence value is measured from the 
third sample container and a third control fluorescence value 
'o is measured from the third control container. 

The first control fluorescence value and the first sample 
fluorescence value are used to obtain a correction factor. 
Then, the second control fluorescence value is used to adjust 
the second sample fluorescence value to obtain an adjusted 
is second sample fluorescence value, and the third control 
fluorescence value is used to adjust the third sample fluor- 
escence value to obtain an adjusted third sample fluorescence 
value. Following this, the correction factor is. used to 
correct the adjusted second sample fluorescence value to obtain 
» a corrected second sample fluorescence value, and the correc- 
tion factor is used to correct the adjusted third sample 
fluorescence value to obtain a corrected third sample fluor- 
escence value. 

When both the corrected second sample fluorescence value 
s is positive and the corrected third sample fluorescence value 
is positive and exceeds the corrected second sample fluor- 
escence value, the conclusion is reached that the original 
sample contains, at. .least _ one fecal coliform cell per- 100 



milliliters . 



30 



BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a schematic showing how a sample is split into 
aliquots. filtered and incubated at 44.5«C for detection using 
the method of the present invention. 
35 Figure 2 is a comparison of the 7 hour direct count 

version of the present invention to the 24 hour m FC Standard 
Method. The symbols represent different water sources. (+) 
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Nidelva (Trondheim , Norway), (€>) Diluted raw sewage (Trondheim, 
Norway), (■) Akerselva (Oslo, Norway), (O) Water supply, 
(Kathmandu , Nepal ) . 

Figure 3 is a graph showing a correlation between 4- 
5 methyl-umbellif erone concentration and units of fluorescence. 

Figure 4 is a graph showing the production of MU from 4- 
MU-e-D-galactoside by coliform bacteria in drinking water 
contaminated with raw sewage (©); after addition of lactose 
enhanced induction of e-D-galactosidase (O) , and after addition 
10 of sodium lauryl sulfate, a detergent, which further enhanced 
activity ( ). Enzyme assay temperature was 41. 5° C. 

Figure 5 is a graph showing an example of incubation time 
versus fluorescence for samples at three fecal coliform cell 
concentrations. 

15 Figure 6 is another graph showing an example of incubation 

time versus fluorescence for samples at three fecal coliform 
eel 1 concentrations . 

DESCRIPTION OF TEE PREFERRED EMBODIMENTS 
The present invention relies upon the enzymatic hydrolysis 

20 of one or both of two fluorogenic substrates ( 4-methylumbell i- 
f erone-e-D-galactoside and 4-methylumbelliferone-e-D-glucuro- 
nide ) which yields a fluorescent product (4-methylumbell if e- 
rone ) . The rate of hydrolysis or total fluorescence can be 
quantified using a standard fluorometer. 

25 The method of the present invention can be adapted to use 

a three-tiered or sequential approach to detect coliform 
contami-nation. In this manner, a rapid screening stage can 

identify- a- sample- of grossly contaminated -water -within -about 

20 - 30 minutes. In the second stage, a sample of less 

30 contaminated water can be identified as having fecal coliforms 
present at a level of at least one fecal coliform cell per 100 
ml within one to six hours. Thirdly, direct colony counts are 
obtained in approximately 7 hours to confirm earlier results. 
Figure 1 is a schematic diagram of a method using the second 

35 and third stages. 

In practice, as. few as two samples, but generally from 4 
to 10 replicated samples, are filtered and incubated at 
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approximately 44. 5° C ± .2°C. The samples are removed sequenti- 
ally after various predetermined incubation times for either 
rapid screening or presence-absence results. Incubation 
periods run concurrently in the preferred embodiment. Failure 
to detect the presence of fecal cells early may effect an 
optional third analysis of continued incubation of a sample, 
on agar media, for direct count of microcolonies , until 
approximately 7 hours of incubation have elapsed. The total 
elapsed time even for direct counting and including sample 
o filtration and data acquisition generally does not exceed 7 
hours. 

Figure 2 shows the correlation between a 6 hour direct 
count employing the methods of the present invention and the 
Standard Methods 24 h m-FC. method. Most of the data are 
derived from tests with Norwegian surface water. The exception 
to the procedure is the Nepal data which represent a 7 hour 
incubation owing to high turbidity and/or chlorination . Seven 
hours is the incubation period of the preferred embodiment of 
the direct count step. 

The present invention in one version comprises a rapid 
presence-absence method for determining when an original liquid 
or liquified sample contains at least one fecal coliform cell 
per 100 milliliters. An original sample or liquified sample is 
divided into portions, for example three portions, and each 
portion is filtered for retaining microorganisms present in the 
sample on the filter. In this manner, a first portion of the 
original sample is filtered through a first filter, a second 
.portion., of ...the. original, sample -is -filtered through a second - 
filter, a third portion of the original sample is filtered 
through a third filter, and so on. 

An actuating medium having a fluorogenic substrate for 
yielding a fluorescent product is provided. Also provided are 
sample containers for the first, second, and third samples and 
control containers for the controls processed concurrently with 
the samples. Each container is provided with a predetermined 
quantity of actuating medium. After the filtering steps, the 
first filter is placed into the actuating medium contained in 
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the first sample container, the second filter is placed into 
the actuating medium contained in the second sample container 
and the third filter is placed into the actuating medium 
contained in the third sample container. 
5 An incubator which has a heat transference medium which 

maintains an intimate physical contact with each container 
disposed therein is provided. The first sample container and 
the first control container are incubated for a brief first 
duration. Beginning at approximately the same time, the second 
io sample container and the second control container are incubated 
for a second duration, and the third sample container and the 
third control container are incubated for a third duration. 

After the brief first duration, the pH of the contents of 
the first sample container and the contents of the first 
5 control container are adjusted to an alkaline pH. Similarly, 
after the second duration the contents of the second sample 
container and the contents of the second control container are 
adjusted to an alkaline pE, and the contents of the third 
sample container and the contents of the third control 
o container are adjusted to an alkaline pH after the third 
duration. 

After adjusting the pHs of the sample containers and the 
control containers, the sample and control containers are 
irradiated with a predetermined excitation wavelength of light. 
After each irradiation step, a first sample fluorescence value 
is measured from the first sample container and a first control 
fluorescence value is measured from the first control contai- 
ner . Similarly , a second sample- fluorescence value is measured - 
from the second sample container and a second control fluor- 
escence value is measured from the second control container, 
and a third sample fluorescence value is measured from the 
third sample container and a third control fluorescence value 
is measured from the third control container. 

The first control fluorescence value and the first sample 
fluorescence value are used to obtain a correction factor. 
Then, the second control fluorescence value Is used to adjust 
the second sample fluorescence value to obtain an adjusted 
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second sample fluorescence value, and the third control 
fluorescence value is used to adjust the third sample fluor- 
escence value to obtain an adjusted third sample fluorescence 
value. Following this, the correction factor is used to correct 
5 the adjusted second sample fluorescence value to obtain a 
corrected second sample fluorescence value, and the correction 
factor is used to correct the adjusted third sample fluor- 
escence value to obtain a corrected third sample fluorescence 
value. 

io The determination is made that the original sample 

contains at least one fecal coliform cell per 100 milliliters 
when both the corrected second sample fluorescence value is 
positive and the corrected third sample fluorescence value is 
positive and exceeds the corrected second sample fluorescence 

15 value. 

Additionally, the method of may further comprise inocula- 
ting an agar culture medium with a filtered fourth portion of 
the original sample, the agar medium containing the actuating 
medium, then incubating the inoculated culture medium in the 

20 incubator for about seven hours. This is followed by irradia- 
ting the culture medium with the predetermined excitation 
wavelength . and obtaining a direct count of the number of 
microcolonies visible on the culture medium. This step may 
further comprise applying an alkaline solution to the microco- 

25 lonies for enhancing fluorescence prior to counting the 
microcolonies . 

The brief duration is usually less than about five 

minutes,, and may ...be-- .about— tvo -to- five- minutes . The second - 

duration may be from about one hour to about five hours. The 
30 third duration may be from about two hours to about six hours 
with the proviso that the third duration is about one hour or 
more longer than the second duration. 

The first duration may be in a range of from about two 
minutes to about 5 minutes, the second duration about one hour 
35 and the third duration about two hours. Additionally, the first 
duration may be less than about 5 minutes, the second duration 
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about one hour and the third duration in a range of from about 
two hours to about six hours. 

The first duration may be less than about 5 minutes and 
the second duration about two hours and the third duration 
5 about four hours. The first duration may be less than about 5 
minutes, the second duration about four hours and the third 
duration about six hours. The second duration and the third 
duration may differ by at least about one hour. 

In the step of obtaining the correction factor, the 
io correction factor may be obtained by subtracting the first 
control fluorescence value from the first sample fluorescence 
value. The adjusted sample fluorescence value may be obtained 
by subtracting the control fluorescence value from the sample 
fluorescence value. The corrected sample fluorescence value is 
15 then obtained by subtracting the correction factor from the 
adjusted sample fluorescence value. 

In the present invention, the actuating medium may further 
comprise a nutrient for supporting metabolism of the live fecal 
coliform cells, an induction agent for inducing the production 
20 of an enzyme effective in reacting with the fluorogenic 
substrate for producing the fluorogenic product, and a 
surfactant effective in enhancing fluorescence. The induction 
agent may be lactose, the surfactant effective in enhancing 
fluorescence may be sodium lauryl sulfate, the enzyme may be 
25 e-D-galactosldase , the fluorogenic substrate may be 4-methylum- 
belliferone-e-D-galactoside , and the fluorescent portion may 
be 4-methylumbelliferone . The actuating medium may comprise 4- 
- methylumbell iferone-e-D-glucuronide. as a second fluorogenic 
substrate, using e-D-glucuronidase as the enzyme for degrading 
30 the second substrate. Preferably, the irradiation step uses an 
excitation wavelength of. about 365 nm which causes an emission 
wavelength of about 465 nm from the fluorescent product. The 
heat transference medium in the incubator may be a liquid such 
as water or oil, or a solid, such as a metal. When the pH of 
35 the containers is adjusted, the adjustment may be made to a pH 
of above 11 or more preferably, to a pH of about 13. 
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In another version of the invention, the method may 
further comprise a fourth portion of the original sample which 
is filtered and processed as described above for the first, 
second and third portions. In this version, it is concluded 
5 that the original sample contains at least one fecal coliform 
cell per 100 milliliters when 

(1) the corrected second sample fluorescence value is positive 
and the corrected third sample fluorescence value exceeds the 
corrected second sample fluorescence value, or (2) the 
io corrected third sample fluorescence value is positive and the 
corrected fourth sample fluorescence value exceeds the 
corrected third sample fluorescence value. 

When a fourth portion is analyzed as described above, the 
brief duration may be less than about five minutes and may be 
about two to five minutes. The second duration may be from 
about one hour to about four hours. The third duration may be 
from about two hours to about five hours with the proviso that 
the third duration is about one hour or more longer than the 
second duration. 

20 The fourth duration may be from about three hours to about five 

hours with the proviso that the fourth duration is about one 

hour or more longer than the third duration. 

In a preferred version, the first duration may be in a 

range of from about two minutes to about 5 minutes, the second 
25 duration about two hours, the third duration about four hours, 

and the fourth duration about six hours. 

The first duration may be less than about 5 minutes, the second 
-duration about one to- two hours , the third- duration- in a range 
of from about three hours to about five hours, knd the fourth 
duration in a range of from about four hours to about six hours 
with the proviso that the third duration is at least about one 
hour longer than the second duration and the fourth duration 
is at least about one hour longer than the third duration. The 
second duration and the third duration may differ by at least 
35 about one hour, the third duration and the fourth duration by 
at least about one hour, and the second duration and the 
fourth duration by at least about two hours. 



30 
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As above, the adjusted sample fluorescence value may be 
obtained by subtracting the corresponding control fluorescence 
value from the sample fluorescence value, and the corrected 
sample fluorescence value further may be obtained by subtract- 
5 ing the correction factor from the adjusted sample fluorescence 
value. 

In either of the versions described above when providing 
an actuating medium, the actuating medium may be further 
defined as comprising water, 4-methyl-umbelliferone-e-D- 
io galactoside, about .46* to .54* by weight of a peptone, about 
.26* to .34* by weight of a yeast extract, about .4* to .6* by 
weight of an enzyme inducer, about .73* to .77* by weight of 
a salt, about .48* to .52* by weight of pyruvate, about .01* 
to .03* by weight of a surfactant, and about .009* to .011* by 
15 weight of bile salts. 

The enzyme inducer may be lactose, the surfactant sodium lauryl 
sulfate, and the salt NaCl . The actuating medium may further 
comprise about .004* to .006* by weight of 4-methylumbellif er- 
one-3-D-glucuronide . 
20 In another version of the present invention as described 

in detail above, the second sample container and the second 
control container is incubated for a duration of about 20 to 
30 minutes. A conclusion is reached that the original sample 
contains at least one fecal coliform cell per 100 milliliters 
25 (i.e. "presence" is verified ) when the corrected second sample 
fluorescence value is positive. A further conclusion may be 
reached in this case that the original sample contains at least 
25 fecal -coliform- cells per 100 milliliters. In this version - 
the brief first duration may be less than about five minutes, 
30 and it may be from about two to about five minutes. 

In another version of the present invention as described 
in detail above, second sample container and the second control 
container may be incubated for a second duration of about one 
hour. The conclusion may be reached that the original sample 
?5 contains at least. one fecal coliform cell per 100 milliliters 
when the corrected second sample fluorescence value corresponds 
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to a molarity of 4-methylumbel lifer one in second sample of at 
least about 0.01 jjmolar. 

In all versions of the present invention, the composition 
of matter used in determining if an original liquid or 
liquified sample contains at least one fecal coliform cell per 
100 milliliters may comprise an aqueous mixture of water, 4- 
methyl-umbelliferone-e-D-galactoside and a dry medium. The 
aqueous mixture, may further comprise about .46* to .54* by 
weight of a peptone, about .26* to .34* by weight of a yeast 
extract, about .4* to .6* by weight of an enzyme inducer, about 
.73* to .77* by weight of a salt , about .48* to .52* by weight 
of pyruvate, about .01* to .03* by weight of a detergent, and 
about .009* to .011* by weight of bile salts. 

The peptone may be proteose peptone No. 3, the enzyme 
inducer lactose, the salt NaCl and the detergent sodium lauryl 
sulfate. The medium added to the mixture may further comprise 
4-methylumbelli-ferone-e-D-glucuronide as a second fluorogenic 
substrate. The mixture may further comprise about .004* to 
.006* by weight of 4-methylumbel 1 if erone-e-D-glucuronide . 

The composition for mixing with water and with an amount 
of 4-methylumbelllferone-e-D-galactoside may comprise in dry 
form about 17* to 21* by weight of a peptone, about 10* to 14* 
by weight of a yeast extract, about 15* to 24* by weight of an 
enzyme inducer, about 28* to 30* by weight of a salt, about 18* 
to 21* by weight of pyruvate, about 0.3* to 1.2* by weight of 
a detergent, and about 0.-3* to 0.5* by weight of bile salts. 
The peptone may be proteose peptone No. 3, the enzyme inducer 
.lactose.,, the salt ..NaCl- and Xhe detergent- sodium lauryl sulfate .— 
The medium may further comprise 4-methylumbellif erone-e-D- 
glucuronide as a second fluorogenic substrate, and the 4- 
methylumbelliferone-e-D-glucuronide may comprise about .1* to 
.3* by weight of the medium. 
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EXAMPLES 

Figure 1 represents a schematic version of the present 
invention in which a 1000 ml original liquid sample is divided 
into ten approximately equal portions. Each of these 100 ml 
portions is filtered through a microporous filter such as a 
.45pm Millipore filter. Two of the filters may be placed on 
nutrient agar cultures containing the actuating medium as 
disclosed herein. The other eight filters are placed in 
containers containing approximately 5 -10 ml of liquid 
actuating medium. The eight sample containers (and the culture 
plates, if used) are placed in an Incubator such as a water 
bath, for approximately 44.5* C ± .2°C. Controls containing the 
actuating, or reagent, medium are Incubated simultaneously. 
Simultaneously, blank containers (containing only blank media) 
and calibration standards (containing blank media and 4- 
methylumbelliferone ) are Incubated. 

Pairs of sample containers are removed at predetermined 
intervals or durations during the incubation period. The first 
incubation duration is brief and is generally about two to five 
minutes. This may also be referred to as the "zero sample". 
This brief period allows extraneous fluorescent materials 
already present in the filter or in the cells in the sample to 
leach Into the medium, but is too short for fecal coliform 
cells in the medium to begin significant production of 4- 
methylumbellif erone . Additional pairs of replicates are 
removed after predetermined intervals, such as two, four and 
six hours, of incubation. After incubation, an alkaline 
solution -such as NaOH is -added to the- sample -to cause - an 
increase in the sensitivity of the detection of 4-methylumbell- 
iferone. The samples are .then irradiated, then analyzed for 
fluorescence emission. A blank container, calibration standard 
and reagent control are also processed and irradiated at each 
time interval for comparison purposes. 

Data are analyzed after all samples have been incubated, 
irradiated and detected for fluorescence. The fluorometer is 
recalibrated at each step with the blank container and 
calibration container. 
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A sample fluorescence value is determined for each 
interval or duration by averaging the two sample replicates. 
The fluorescence value obtained from the reagent control 
Incubated for that particular duration is subtracted from the 
s sample fluorescence value to obtain an adjusted sample 
fluorescence value. When this algorithm is carried out for the 
"zero sample", the adjusted fluorescence value is a "correction 
factor" which Is then applied to samples incubated for longer 
durations. Each adjusted sample fluorescence value is 
io corrected by subtracting from it the correction factor, to 
obtain a corrected sample or "net" fluorescence value. 

In this version of the invention, if the two hour 
corrected fluorescence (net) value is positive, and if the four 
hour corrected fluorescence' value is positive and is greater 
is than the two hour value, it is concluded that fecal coliform 
cells are present in the original sample (i.e. > one fecal 
coliform cell/100 ml). 

If the four hour corrected fluorescence value is positive, 
and if the six hour corrected fluorescence value is positive 
and is greater than the four hour value, it is concluded that 
fecal coliform cells are present in the original sample (i.e. 
> one fecal coliform ceil per 100 ml). 

If a corrected sample fluorescence value corresponds to 
a molarity of at least about .01 »m of 4-methylumbelliferone 
in the sample in any of the corrected samples, it is concluded 
that fecal coliform cells are present in the original sample 
(i.e. > one fecal coliform cell per 100 ml). Figure 3 shows 
a ^.relation curve with molarity of 4-methylumbelliferone 
plotted against a standard calibrated fluorescence scale. 

If there are no two consecutively increasing corrected 
fluorescence values, or if the corrected value fails to 
correspond to a molarity of at least about .01 pm of 4- 
methylumbelliferone after six hours, it is concluded that fecal 
coliform cells are not present in the original sample, (i.e. 
the concentration fecal cells is < one fecal coliform cell per 
100 ml ). 
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The culture plate samples may be analyzed after a 7 hr . 
incubation period to confirm the conclusion. 

Methods 

5 Filtration 

A sample of liquid to be tested, such as a source of 
potential drinking water, is provided. The sample is filtered 
in accordance with the membrane filtration procedure published 
in Section 9222D , of Standard Methods For the Examination of 
'o Waste and Wastewater . 17th Ed., American Public Health 
Association, 1989, which is hereby incorporated herein by 
reference. 

Screening or Presence-Absence Methods 
15 For the screening step or the presence-absence step, the 

filter is deposited- into the sample container containing 
actuating media. Actuating media contains lactose, and a 
detergent, sodium lauryl sulfate shown here to enhance 
fluorescence of 4-methylumbell if erone (Figure 4). The filter 
20 is placed along the wall of the incubation tube such that it 
is submerged by the media. 

The tubes are incubated in an incubator such as a water 
bath at approximately 44. 5° C ± .2°C and are removed from the 
water bath just prior to irradiation and fluorescence measure- 
25 ment. The tube containing the sample is irradiated using the 
UV-light source set at a predetermined wavelength. Samples 
measured for presence-absence are measured at predetermined 

time intervals such as every hour or- at-one , two , four and six 

hours after initiation of incubation. Samples to be screened 
30 are incubated for approximately 20-30 minutes prior to 
irradiation and fluorescence measurement. For measurement in 
a standard fluorometer 3 - 10 ml sample are combined with about 
33 pi of 10 M NaOE per ml of reagent. 

Prior to the first reading, the fluorometer is prepared 
35 and calibrated by first warming up the blank and Internal 
Calibration Standard (working solution) to 44.5*C. The 
instrument is first adjusted to zero (zero knob) with 3 ml 
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Blank media (without MUGal ) mixed with 100 *j1 10 M NaOH then 
It Is adjusted to 500 (span knob) with 3 ml Internal standard 
(0.27 pm Mil) mixed with 100 pi 10 M NaOH. Gain is set at 1000. 
A standard fluorometer obtained from Sequoia Turner, Model 450- 
003, was used. 

In the preferred embodiment, the incubator is a water 
bath. However, the incubator can be any apparatus which can 
maintain a stable incubating temperature and which has a heat 
transference medium which maintains an intimate physical 
contact with the container surface. This includes incubators 
with liquid media such as water or oil, and block or sink 
incubators having a solid or metal heat transference medium. 

Direct Count Method 

In the direct count method, the filter is deposited upon 
the surface of the direct count media on a direct count plate. 
The prepared culture plates are placed in waterproof plastic 
bags, submerged in the water bath, and incubated for about 7 
h ± 15 min. at 44.5 ± 0.2 C C. It is important to ensure that 
the petri dishes are submerged to maintain stable temperature 
requirements. 

After the incubation period, the culture plates are 
removed from the incubator and are irradiated with UV light, 
such as is commercially available from UVP, Inc. (Model No. 
UVL-21) at a predetermined wavelength. The plates are then 
observed for fluorescing microcolonies . Preferably, an 
alkaline developer such as NaOH can be sprayed over the filter 
„. and ; _ the._number- of -blue-fluorescent colonies -are-counted. — Any 
colonies desired to be tested for confirmation must be removed 
prior to addition of the alkaline developer. 

Equipment and Supplies 

Equipment and Supplies used in the 7 Hour Direct Count 
Method include a membrane filtration apparatus (such as is 
available from Sartorius), a water bath incubator able to hold 
a temperature constant about 44. 5° C. ± 0.2° C such as is 
available from Haake-Model SWB20, a longwave UV hand-held lamp 
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(e.g. available from UVP, Inc., UVL-21 ) , actuating media, 
alkaline developer solution , dilution water (e.g. , 0.1* sterile 
peptone), plastic petri dishes, membrane filters (e.g., 
Millipore 0.45 pm with grid), 4-methylumbell if erone-e-D- 

5 galactoside (MUGal), 95* ethanol , and sodium lauryl sulfate. 

Equipment and supplies used in the screening or presence- 
absence tests include a membrane filtration apparatus, a water 
bath incubator able to hold a temperature constant about 
44.5'C, a longwave UV hand-held lamp, actuating media, 

io dilution water (e.g., 0.1* sterile peptone), membrane filters 
(e.g. , 0.45 pm with grid), 4-methylumbell if erone-e-D-galacto- 
side (MUGal), 95* ethanol , sodium lauryl sulfate, a fluoro- 
meter, Blank media, a solution of 10 M NaOH, sterile incubation 
tubes, and 4-methylumbell if erone (4-MU). 

15 

Preparation of 0.02* Sodium Laurvl Sulfate (SLS) Solution 

Dissolve 0.1 g sodium lauryl sulfate in 500 ml distilled 
water. Autoclave at 120° C for 15 minutes. 
Preparation of 4-MU-B-D-galactoside Substrate Solution 
2C Add 1.5 ml 95* ethanol to 0.0375 g MUGal and shake 

vigorously for 2 minutes. Then, add 28.5 ml 0.02* sterile SLS 
(sodium lauryl sulfate) and mix well. Heat tube with the 
substrate solution at 60' - 80° C. until dissolved. Prefer- 
ably, this is prepared freshly for each test. 

Prepara tion of Plates for Direct Counts 

Rehydrate 12.925 g actuating media in 500 ml sterile 
distilled, water. Adjust- the- pH at 20°C to 7.3. - - Add 5.0 g agar 
to the media and heat to near boiling to dissolve agar. Remove 
o from heat and cool to about 70 °C and add 20 ml MUGal solution 
to the media. Cool the media to 45-50° C. Dispense 5 to 7 ml 
into a plastic petri dish to produce the direct count plate. 
Store finished media at 4 ° C and discard any unused media after 
14 days, preferably. 
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Preparation of Liquid Actuating Media 

Kehydrate 12.925 g of an actuating media (preferred 
composition shown in Table 1 ) in 500 ml sterile distilled 
water. Adjust the pH at 20 °C to 7.3. Heat the media to near 
boiling and remove from heat. Cool to about 70°C and add 20 
ml of MUGal solution to the media. Cool the media to below 
45° C. Pipette about 15 ml of media into a sterile tube to 
produce a sample container. 
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Table 1. 

Actuating Media Composition 



5 



Actuating Media 


Dry Weight (approx. ) 


% Weight When 
Rehydrated 


Proteose peptone no. 3 


2.5 g ± 0.2 


.46 - .54 


Yeast extract 


1.5 g ± 0.2 


.26 - .34 


Lactose 


2.5 g ± 0.5 


.4 - .6 


NaCl 


3.75 g ± 0.1 


.73 - .77 


Pyruvate 


2.5 g ± 0.1 


.48 - .52 


Sodium lauryl sulphate 


0.10 g ± 0.05 


.01 - .03 


Bile salts 


0.05 g ± 0.005 


.009 - .011 


4-methylumbellif erone- 
e-D-glucur oni de 


0.025 g ± 0.005 

- 


.004 - .006 



Preparation of Blank Media 

Rehydrate 25.80 g Blank media (preferred composition shown 
in Table 2) in 1000 ml sterile distilled water. Adjust the pH 
at 20°C to 7.3 and filter-sterilize the media. 

20 

Table 2. 



Blank Media Composition 





Blank Media 


Dry Weight 


% Weight When 
Rehydrated 


25 


Proteose peptone no. 3 


5.0 g ± 0.4 


.46 - .54 




Yeast extract 


3.0 g ± 0.4 


.26 - .34 




Lactose 


5.0 g ± 1.0 


.4 - .6 




NaCl 


7.5 g ± 0.2 


.73 - .77 


30 


Pyruvate 


5 .0 g ± 0.2 


.48 - .52 




Sodium lauryl sulphate 


0.2 g ± 0.1 


.01 - .03 




Bile Salts 


0.1 g ± 0.01 


.009 - .011 



35 
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Preparation of Internal Calibration Standard 

First prepare a 68.1 jjm MU stock solution by dissolving 
6 mg of 4-MU in 500 ml of Blank media (without MUGal ) . Prepare 
fresh stock solution each second week. Dilute 1 ml of the 
stock solution to 250 ml with Blank media to prepare a Working 
solution (0.27 pm MU). This is used as the calibration 
standard. Fresh working solution is preferably prepared each 
week. 

The screening, presence-absence and direct count methods 
can be performed separately, simultaneously, or sequentially, 
depending on the information desired by the tester. For 
example, the screening method could be used alone to screen a 
large number of water samples for high contamination. The 
presence-absence method could.be used to further identify water 
samples having questionable coliform levels. The direct count 
method could be used separately to confirm the presence of 
fecal conforms in particular water samples. The methods could 
also be used in combination. For example, a water sample could 
be tested simultaneously by both the screening method and the 
presence-absence method, by the screening method and the direct 
count method, or by the presence-absence method and the direct 
count method. Finally, a sample could be tested by simultane- 
ously conducting the screening method, the presence-absence 
method, and the direct count method. 

The results of the present invention are demonstrated by 
the following data sets. 
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Data Set 1 



Naturally occurring populations of fecal coliform bacteria 
in a U.S. surface waters were assessed both using a version of 
the invention and using the Standard Methods m-FC 24h method. 

5 Water from the Monocacy River, Maryland, USA, was collected on 
March 26, 1992 and analyzed for fecal conforms using the 
invention. Methods were as described above. Three dilutions 
were tested in duplicate. Samples were incubated as above. 
The m-FC samples were counted at 24h. The fluorescence in the 

io rapid detection method samples was measured at "zero time", 2, 
4, and 6 hours using a Turner Model 450-003 fluorometer. The 
excitation and emission wavelengths were 365, and 465 nm, 
respectively. 

15 Results and Discussion 

The results are shown in Figure 5. All dilutions 
corresponding to 1, 3, and 34 FC/100 ml yield a positive ( + ) 
result indicating presence of fecal bacteria. The lowest 
count, 1 FC/100 ml, was detected as positive at 6 h, 3 FC/100 

20 ml was detected as positive after 2 hours, and 34 FC/100 ml at 
<2 hours, the first measurement time. In this example 
therefore, in the lowest count, presence was verified in 6 
hours. In the next lowest count (3 FC/100 ml), presence was 
verified in 2 hours and in the highest count (34 FC/100 ml), 

25 presence was verified in 2 hours and probably would have been 
verified in as little as 20 minutes if a measurement had been 
taken then . 
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Data Set 2 

Natural populations of fecal coliform bacteria in a 
Norwegian surface water with and without sewage contamination 
were analyzed in this example using a version of the present 
5 invention and the standard m-FC 24h method. Water from the 
Aker River in Oslo, Norway, was collected on April 3, 1992 and 
analyzed for fecal conforms using the invention. Three 
samples were tested: the river water, and river water with two 
different doses of raw domestic sewage. Samples, prepared as 
io described above, were incubated in a water bath at 44.5* C. The 
m-FC samples were counted at 24 h. The fluorescence in the 
rapid detection method samples were measured at "zero time", 
2. 4, and 6 hours using a Turner Model 450-003 fluorometer. 
The excitation and emission wavelengths were 365 and 465 nm, 
is respectively. The results are shown in Figure 6. All three 
samples corresponding to 11, 90, and TNTC yielded a positive 
(+) result, verifying the presence of fecal coliform bacteria. 
All results were positive within <2 hours. Had measurements 
been taken after a one hour incubation interval , the TNTC 
20 cells/100 ml and 90 cells/100 ml samples would likely have been 
verified as positive. The 11 cell sample would have been 
verified as positive as early as after 1.5 hrs. of incubation. 

Data Set 3 

25 Naturally occurring populations of fecal coliform bacteria 

in several surface waters were analyzed in this example using 
the version of the present invention and the standard m-FC 24 
- h °ur. method.... _ Fresh samples from the Monocacy River Aker- River - 
and Loysa River, were collected and analyzed daily. Also, one 

30 sample of "worst case" water was prepared according to an EPA 
Guide. Standard and Protocol for Testing Microbiological Water 
Purifiers (1987). The physical parameters and composition of 
the samples are shown in Table 3. 

J5 Table 3. 

Composi tion of the Test Samples 
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Parameter 


Sample Source 


Monocacy 
River 1 * 


"Worst Case" 

TV d LCI 


Aker 
River 


Loysa 
River 


Turbidity (NTU) 
TDS (mg/1) 

Conductivity (pmhos) 
PH 

Temperature ( • C ) 

Humic acid (added) mg/1 


. 13-14 


39 






177-183 


1500 mg/1 






253-262 








7,34-7.45 


7.4 


7.2 


6.5-6.8 


8 




8 


17 




10 






* Range of values for 2 test days 



All samples were tested in duplicate. Samples were 
incubated in a water bath at 44.5°C and prepared as discussed 
above. The m-FC samples were counted at 24h. The fluorescence 
in the rapid detection method samples was measured at "zero 
time", 2, 4, and 6 hours using a Turner Model 450-003 fluoro- 
meter. The excitation at emission wavelengths were 365 and 465 
nm respectively. 

The results are summarized in Table 4. Presence/absence 
determinations of fecal conforms using the method of the 
present invention are shown as +/-. The corrected fluorescence 
value (scale of 0 to 500) and earliest positive "presence" 
detection time (2 to 6 h) are reported. 



Table 4. 
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Sample 
Identifi- 
cation 


Sample 
No. 


Present Invention 


Standard 
Methods 


Liquid Media Method 
(P/A) 


7 h 

Direct 
Count 


m FC 24 
h 


+/- 


Fluor . 
Value 


Detection 
time (h) 


Monocacy 


1 


+ 


236 


2 


40 


52 


River (I) 


2 


+ 


50 


2 


2 


4.3 


3-25-92 


3 


+ 


26 


2 


0.5 


0 
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10 



15 



20 



25 



wonocacy 
River (II) 
3-26-92 


4 
5 
6 


+ 
+ 
+ 


113 
16 
10 


2 
2 
6 


40 
3 
1 


42 
4.3 
0 


"Worst 
Case" 
Water 
3-25-92 


7 
8 
9 


+ 


86 
5 
0 


2 
6 
6 


24 
6.5 
0.5 


9 
1 


Aker River 
(I) 

4-03-92 


10 
11 
12 


+ 
+ 
+ 


244 
117 
24 


2 
2 
2 


TNTC 
90 
11 


72 

/ 


Aker River 
( IT 1 


13 
14 


+ 
+ 


31 
21 


2 
4 


8 
4 


15 
4 


Aker River 

(III) 

3-04-93 


15 
16 
17 




on 

0 

10 


2 
6 
6 




150 
0 

0.5 


Loysa 
River 


18 




0 


6 


0 


0 


Waterwork 














5-26-92 















A positive result for all samples having >10 FC/100 ml was 
measured In <2 hours (Samples 1. 4, 7, 10, 11, 12, and 15). 
Samples containing 1-10 FC/100 ml were positive In 2 - 6 hours 
(Samples 2, 5, 6, 8, 13 and 14). Also, the 7h direct count 
shows close agreement with the standard m-FC 24h count in all 
cases. TNTC when used herein means "Too Numerous To Count". 

All patents or publications cited herein are hereby 
incorporated herein by reference. 
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Changes may be made in the embodiments of the invention 
described herein or in parts of the elements of the embodiments 
described herein or in the steps or in the sequence of steps 
of the methods described herein without departing from the 
spirit and scope of the invention as defined in the following 
claims. 
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What is claimed is: 

1. A rapid presence-absence method for concluding when an 
original liquid or liquified sample contains at least one fecal 
coliform cell per 100 milliliters, comprising: 

(a) filtering a first portion of the original sample 
upon a first filter and a second portion of the 
original sample upon a second filter for 
concentrating the live fecal coliform cells; 

(b) providing an actuating medium having a fluorogenic 
substrate for yielding a fluorescent product; 

(c) providing a first sample container and a second 
sample container, each containing a predetermined 
quantity of actuating medium therein; 

(d) placing the first filter into the actuating medium 
15 contained in the first sample container and the 

second filter into the actuating medium contained in 
the second sample container; 

(e) providing an incubation means having a heat trans- 
ference medium which maintains an intimate physical 

20 contact with each container disposed therein; 

(f) incubating the first sample container for a first 
duration and the second sample container for a 
second duration, wherein the first duration is in 
the range of from about one to five hours and the 

25 second duration is in the range of from about two to 
six hours and with the proviso that the third 
duration is at least about one hour longer than the 
first duration; 

(g) adjusting the pE of the contents of the first sample 
30 container to .an alkaline pH after the first 

duration ; 

(h) irradiating the first sample container and the first 
control container, after adjusting the pE, with a 
predetermined excitation wavelength of light; 

35 adjusting the pE of the contents of the second 

sample container to an alkaline pE after the second 
duration; 
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(j) irradiating the second sample container after 
adjusting the pE. with the predetermined excitation 
wavelength of light; 
(k) measuring, after each irradiation step, a first 
sample fluorescence value from the first sample 
container and a second sample fluorescence value 
from the second sample container; 
(1) obtaining a correction factor; 

adjusting the first sample fluorescence value to 
obtain an adjusted first sample fluorescence value; 
adjusting the second sample fluorescence value to 
obtain an adjusted second sample fluorescence value; 
using the correction factor to correct the adjusted 
first sample fluorescence value to obtain a corre- 
cted first sample fluorescence value; 
using the correction factor to correct the adjusted 
second sample fluorescence value to obtain a 
corrected second sample fluorescence value; and 

concluding that the original sample contains at 
least one fecal coliform cell per 100 milliliters 
when the corrected first sample fluorescence value 
is positive and the corrected second sample fluore- 
scence value is positive and exceeds the corrected 
first sample fluorescence value. 

2. The method of claim 1 further comprising culturing at 
least a third portion of the original sample on an agar medium 
containing the actuating medium, incubating the" culture medium " 
in the incubation means for about seven hours, irradiating the 
culture medium after the incubation period with the predeter- 
mined excitation wavelength and counting the number of 
microcolonies visible on the culture medium. 

3. The method of claim 2 further comprising applying an 
alkaline solution to the microcolonies for enhancing fluore- 
scence prior to counting the microcolonies. 



(m) 
(n) 
(o) 

(P) 
(q) 
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4. The method of claim 1 wherein the actuating medium further 
comprises: 

(1) a nutrient for supporting metabolism of the 
live fecal coliform cells, 

(2) an induction agent for inducing the production 
of an enzyme effective in reacting with the 
fluorogenic substrate for producing the fluoro- 
genic product, and 

(3) a surfactant effective in enhancing fluore- 
scence. 

5. The method of claim 4, wherein the induction agent is 
lactose, the surfactant effective in enhancing fluorescence is 
sodium lauryl sulfate, the enzyme is e-D-galactosidase , the 
fluorogenic substrate is 4-methylumbelliferone-e-D-galactoside , 
and the fluorescent portion is 4-methylumbellif erone . 

6. The method of claim 5 wherein the medium further comprises 

4-methylumbelliferone-e-D-glucuronide as a second fluorogenic 
substrate. 

7. The method of claim 1 wherein the irradiation step uses 
an excitation wavelength of about 365 nm which causes an 
emission wavelength of about 465 nm. 

8. The process of claim 1 wherein the heat transference 
medium in the incubation means is a liquid. 

9. The process of claim 8 wherein the liquid heat transfer- 
ence medium is water. 

10. The process of claim 8 wherein the liquid heat transfer- 
ence medium is an oil. 

11. The process of claim 1 wherein the heat transference 
medium in the incubation means is a solid. 
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12. The process of claim 11 wherein the solid heat transfer 
ence medium in the incubation means is a metal. 

13. The method of claim 1 wherein the alkaline pH is above 11. 

14. The method of claim 13 wherein the alkaline pH is about 



13. 
15. 



A rapid presence-absence method for concluding when an 
-^al iiouid or liouified sample contains at least one fecaT 
conform cell per 100 milliliters, comprising: 

(a) filtering a first portion of the original sample 
upon a first filter and a second portion of the 
original sample upon a second filter and a third 
portion of the original sample upon a third filter 
for concentrating the live fecal coliform cells; 

(b) providing an actuating medium having a flucrogenic 
substrate for yielding a fluorescent product; 

(O providing a first sample container, a second sample 
container, a third sample container, a first control 
container, a second control container, and a third 

ruant^ C T alner ' eaCh -ntaining a predetermined 
quantity of actuating medium therein- 

coniTT: flrSt filtGr lDt ° aC ' tUatin * — i» 

contained in the first sample container, the second 

filter into the actuating medium contained in the 

second sample container and the third filter into 

- - act «^ing. medium - contained in the third sample - 
container; p 

(e) providing an incubation „eans having a heat trans- 
ference medium „ hl c h nalntains an intimate physical 
contact with each container disposed therein; 

<f) incubating the first sa* pl e container and the first 

control container for a brief first duration- 
(«) adjusting the pH of the contents of the first sample 
container and the contents of the first control 



WO 94/20S38 



10 



15 



20 



PCT/NO94/00058 
30 



container to an alkaline pH after the first dura- 
tion; 

(h) irradiating the first sample container and the first 
control container, after adjusting the pH f with a 
predetermined excitation wavelength of light; 

(i) incubating the second sample container and the 
second control container for a second duration; 

(j) adjusting the pH of the contents of the second 
sample container and the contents of the second 
control container to an alkaline pH after the second 
duration; 

(k) irradiating the second sample container and the 
second control container, after adjusting the pH , 
with the predetermined • excitation wavelength of 
light; 

(1) incubating the third sample container and the third 

control container for a third duration; 
(m) adjusting the pH of the contents of the third sample 
container and the contents of the third control 
container to an alkaline pH after the third dura- 
tion; 

(n) irradiating the third sample container and the third 
control container, after adjusting the pH, with the 
predetermined excitation wavelength of light; 
25 <°) measuring, after each irradiation step, a first 

sample fluorescence value from the first sample 
container and a first control fluorescence value 
" from the f irst control container, "a— second" sample 
fluorescence value from the second sample container 
30 and a second control fluorescence value from the 

second control container, and a third sample fluor- 
escence value from the third sample container and a 
third control fluorescence value from the third 
control container; 
35 (p) using the first control fluorescence value and the 

first sample fluorescence value to obtain a correc- 
tion factor; 
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(q) using the second control fluorescence value to 
adjust the second sample fluorescence value to 
obtain an adjusted second sample fluorescence value; 
(r) using the third control fluorescence value to adjust 
5 the third sample fluorescence value to obtain an 

adjusted third sample fluorescence value; 
(s) using the correction factor to correct the adjusted 
second sample fluorescence value to obtain a correc- 
ted second sample fluorescence value; 
io (t) using the correction factor to correct the adjusted 

third sample fluorescence value to obtain a correc- 
ted third sample fluorescence value; and 
(u) concluding that the original sample contains at 
least one fecal coliform cell per 100 milliliters 
15 when the corrected second sample fluorescence value 

is positive and the corrected third sample fluor- 
escence value is positive and exceeds the corrected 
second sample fluorescence value. 

20 



25 
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16. The method of claim 15 further comprising culturing a 
fourth portion of the original sample on an agar medium 
containing the actuating medium, incubating the culture medium 
in the incubation means for about seven hours, irradiating the 
5 culture medium after the incubation period with the predeter- 
mined excitation wavelength and counting the number of 
microcolonies visible on the culture medium. 



10 



15 



20 



17. The method of claim 16 further comprising applying an 
alkaline solution to the microcolonies for enhancing fluor- 
escence prior to counting the microcolonies. 

18. The method of claim 15 wherein the brief duration is less 
than about five minutes. 

19. The method of claim 18 wherein the first duration is about 
two to five minutes. 

20. The method of claim 15 wherein the second duration is from 
about one hour to about five hours. 



21. The method of claim 15 wherein the third^ duration is from 
about two hours to about six hours with the proviso that the 
third duration is about one hour or more longer than the second 

25 duration. 

22. The method of claim 15 wherein the first duration is in 
a -range -of from about two minutes to about 5 minutes,- the 
second duration is about one hour and the third duration is* 

jo about two hours. 

23. The method of claim 15 wherein the first duration is less 
than about 5 minutes, the second duration is about one hour and 
the third duration is in a range of from about two hours to 

35 about six hours. 
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24. The method of claim 15 wherein the first duration is less 
than about 5 minutes, the second duration is about two hours 
and the third duration is about four hours. 

5 25. The method of claim 15 wherein the first duration is less 
than about 5 minutes, the second duration is about four hours 
and the third duration is about six hours. 

26. The method of claim 15 wherein the second duration and the 
io third duration differ by at least about one hour. 

27. The method of claim 15 wherein the step of obtaining the 
correction factor further comprises subtracting the first 
control fluorescence value from the first sample fluorescence 

15 value. 

28. The method of claim 15 wherein the step of obtaining an 
adjusted second sample fluorescence value further comprises 
subtracting the second control fluorescence value from the 

20 second sample fluorescence value. 

29. The method of claim 15. wherein the step of obtaining a 
corrected second sample fluorescence value further comprises 
subtracting the correction factor from the adjusted second 

25 sample fluorescence value. 

30. The method of claim 15 wherein the actuating medium 
further comprises": - - - 1 



(1) 



a nutrient for supporting metabolism of the 
live fecal coliform cells, 



(2) 



an induction agent for inducing the production 
of an enzyme effective in reacting with the 
fluorogenic substrate for producing the fluoro- 
genic product, and 



35 



(3) 



a surfactant effective in enhancing fluor- 



escence . 
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31. The method of claim 30, wherein the induction agent is 
lactose, the surfactant effective in enhancing fluorescence is 
sodium lauryl sulfate, the enzyme is e-D-galactosidase , the 
fluorogenic substrate is 4-methylumbel liferone-3-D-galactoside , 

5 and the fluorescent portion is 4-methylumbel 1 if erone. 

32. The method of claim 31 wherein the medium further 
comprises 4-methylumbel 1 if erone-e-D-glucuronide as a second 
fluorogenic substrate. 

»o 33. A rapid presence-absence method for concluding when an 
original liquid or liquified sample contains at least one fecal 
coliform cell per 100 milliliters, comprising: 

(a) filtering a first portion of the original sample 
upon a first filter, a second portion of the origi- 
nal sample upon a second filter, a third portion of 
the original sample upon a third filter and a fourth 
portion of the original sample upon a fourth filter 
for concentrating the live fecal coliform cells; 

(b) providing an actuating medium having a fluorogenic 
substrate for yielding a fluorescent product; 

(c) providing a first sample container, a second sample 
container, a third sample container, a fourth sample 
container, a first control container, a second 
control container, a third control container, and a 
fourth control container, each containing a prede- 
termined quantity of actuating medium therein; 

(d) placing the first filter into the actuating medium 
-contained in the first sample container, the- second- 
filter into the actuating medium contained in the 
second sample container, the third filter into the 
actuating medium contained in the third sample 
container, and the fourth filter into the actuating 
medium contained in the fourth sample container; 

(e) providing an incubation means having a heat trans- 
ference medium which maintains an intimate physical 
contact with each container disposed therein; 
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(f) incubating the first sample container and the first 
control container for a brief first duration; 

(g) adjusting the pH of the contents of the first sample 
container and the contents of the first control 

5 . container to an alkaline pH after the first durat- 

ion; 

(h) irradiating the first sample container and the first 
control container, after adjusting the pH, with a 
predetermined excitation wavelength of light; 

io (i) incubating the second sample container and the 

second control container for a second duration; 

( j ) adjusting the pH of the contents of the second 
sample container and the contents of the second 
control container to an alkaline pH after the second 
15 duration ; 

(k) irradiating the second sample container and the 
second control container, after adjusting the pH , 
with the predetermined excitation wavelength of 
light; 

20 (1) incubating the third sample container and the third 

control container for a third duration; 
(m) adjusting the pH of the contents of the third sample 
container and the contents of the third control 
container to an alkaline pH after the third dur.a- 
25 tion; 

(n) irradiating the third sample container and. the third 
control container, after adjusting the pH , with the 

predetermined excitation wavelength-of light; - — - 

(o) incubating the fourth sample container and the 
3o fourth control container for a fourth duration; 

(p ) adjusting the pH of the contents of the fourth 
sample container and the contents of the fourth 
control container to an alkaline pH after the fourth 
duration; 

J5 (q) irradiating the fourth sample container and the 

fourth control container, after adjusting the pH , 
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with the predetermined excitation wavelength of 
light; 

(r) measuring, after each irradiation step, a first 
sample fluorescence value from the first sample 
container and a first control fluorescence value 
from the first control container, a second sample 
fluorescence value from the second sample container 
and a second control fluorescence value from the 
second control container, a third sample fluor- 
escence value from the third sample container and a 
third control fluorescence value from the third 
control container, and a fourth sample fluorescence 
value from the fourth sample container and a fourth 
control fluorescence value from the fourth control 
!5 container; 

(s) using the first control fluorescence value and the 
first sample fluorescence value to obtain a correc- 
tion factor; 

(t) using the second control fluorescence value to 
20 adjust the second sample fluorescence value to 

obtain an adjusted second sample fluorescence value; 
, (u) using the third control fluorescence value to adjust 
the third sample fluorescence value to obtain an 
adjusted third sample fluorescence value; 
25 ( v ) using the fourth control fluorescence value to 

adjust the fourth sample fluorescence value to 
obtain an adjusted fourth sample fluorescence value; 
"(w) using the correction factor to- correct the adjusted - 
second sample fluorescence value to obtain a correc- 
ted second sample fluorescence value; 
(x) using the correction factor to correct the adjusted 
third sample fluorescence value to obtain a correc- 
ted third sample fluorescence value; 
(y) using the correction factor to correct the adjusted 
fourth sample fluorescence value to obtain a correc- 
ted fourth sample fluorescence value; and 
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(z) concluding that- the original sample contains at 
least one fecal coliform cell per 100 milliliters 
when 

(1) the corrected second sample fluorescence value 
is positive and the corrected third sample 
fluorescence value exceeds the corrected second 
sample fluorescence value, or 

(2) the corrected third sample fluorescence value 
is positive and the corrected fourth sample 
fluorescence value exceeds the corrected third 
sample fluorescence value. 

34. The method of claim 33 wherein the brief duration is less 
than about five minutes. 

35. The method of claim 34 wherein the first duration is about 
. two to five minutes. 

36. The method of claim 33 wherein the second duration is from 
20 about one hour to about four hours. 

37. The method of claim 33 wherein the third duration is from 
about two hours to about five hours with the proviso that the 
third duration is about one hour or more longer than the second 

25 duration. 

38. The method of claim 33 wherein the fourth duration is from 
about three hours " to" about five hours~wi th"the pr6viso~~that~~the 
fourth duration is about one hour or more longer than the third 

30 duration. 

39. The method of claim 33 wherein the first duration is in 
a range of from about two minutes to about 5 minutes, the 
second duration is about two hours, the third duration is about 

35 four hours, and the fourth duration is about six hours. 
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40. The method of claim 33 wherein the first duration is less 
than about 5 minutes, the second duration is about one to two 
hours, the third duration is in a range of from about three 
hours to about five hours, and the fourth duration is in a 
range of from about four hours to about six hours with the 
proviso that the third duration is at least about one hour 
longer than the second duration and the fourth duration is at 
least about one hour longer than the third duration. 

41. The method of claim 33 wherein the second duration and the 
third duration differ by at least about one hour , the third 
duration and the fourth duration differ by at least about one 
hour, and the second duration and the fourth duration differ 
by at least about two hours. 

42. The method of claim 33 wherein the step of obtaining the 
correction factor further comprises subtracting the first 
control fluorescence value from the first sample fluorescence 
value. 

43. The method of claim 33 wherein the step of obtaining an 
adjusted sample fluorescence value further comprises subtract- 
ing the corresponding control fluorescence value from the 
sample fluorescence value. 

44. The method of claim 33 wherein the step of obtaining' a 
corrected sample fluorescence value further comprises subtract- 
ing the correction factor from the adjusted sample fluorescence 
value. 

45. The method of claim 33 further comprising culturing a 
second portion of the original sample on an agar medium 
containing the actuating medium, incubating the culture medium 
in the incubation means for about seven hours, irradiating the 
culture medium after the incubation period with the predetermi- 
ned excitation wavelength and counting the number of microcolon 
nies visible on the culture medium. 
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46. The method of claim 45 further comprising applying an 
alkaline solution to the microcolonies for enhancing fluor- 
escence prior to counting the microcolonies. 

47. A rapid presence-absence method for concluding when an 
original liquid or liquified sample contains at least one fecal 
coliform cell per 100 milliliters, comprising: 

(a) filtering a first portion of the original sample 
upon a first filter and a second portion of the 

o original sample upon a second filter and a third 

portion of the original sample upon a third filter 
for concentrating the live fecal coliform cells; 

(b) providing an actuating medium comprising water, 4- 
methyl -umbel 1 if erone-e-D-galactoside and 

about .46* to .54* by weight of a peptone, 

about .26* to .34* by weight of a yeast extract, 

about .4* to .6* by weight of an enzyme inducer, 

about .73* to .77* by weight of a salt, 

about .48* to .52* by weight of pyruvate, 

about .01* to .03* by weight of a surfactant, and 

about .009* to .011* by weight of bile salts; 

(c) providing a first sample container, a second sample 
container, a third sample container, a first control 
container, a second control container, and a third 
control container, each containing a predetermined 
quantity of actuating medium therein; 

(d) placing the first filter into the actuating medium 
contained in "the first "sample" container , the "second 
filter into the actuating medium contained in the 
second sample container and the third filter into 
the actuating medium contained in the third sample 
container; 

(e) providing an incubation means having a heat trans- 
ference medium which maintains an intimate physical 
contact with each container disposed therein; 

(f) incubating the first sample container and the first 
control container for a brief first duration; 
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(g) adjusting the pH of the contents of the first sample 
container and the contents of the first control 
container to an alkaline pH after the first durat- 
ion ; 

5 (h) irradiating the first sample container and the first 

control container, after adjusting the pH, with a 
predetermined excitation wavelength of light; 
(i) incubating the second sample container and the 
second control container for a second duration ; 

10 (j) adjusting the pH of the contents of the second 

sample container and the contents of the second 
control container to an alkaline pH after the second 
duration; 

(k) irradiating the second sample container and the 
second control container, after adjusting the pH, 
with the predetermined excitation wavelength of 
light; 

(1) incubating the third sample container and the third 

control container for a third duration; 
(m) adjusting the pH of the contents of the third sample 
container and the contents of the third control 
container to an alkaline pB after the third dura- 
tion; 

(n) irradiating the third sample container and the third 
control container, after adjusting the pH f with the 
predetermined excitation wavelength of light; 
(o) measuring, after each irradiation step, a first 
sample fluorescence value- from -the — first sample 
container and a first control fluorescence value 
from the first control container and a second sample 
fluorescence value from the second sample container 
and a second control fluorescence value from the 
second control container, and a third sample fluor- 
escence value from the third sample container and a 
35 third control fluorescence value from the third 

control container ; 



20 



25 



30 



BNSDOCID: <WO 9420638A1J 



WO 94/20638 




PCT/NO94/00058 



41 

(p) using the first control fluorescence value and the 
first sample fluorescence value to obtain a correct- 
ion factor; 

(q) using the second control fluorescence value to 
5 adjust the second sample fluorescence value to 

obtain an adjusted second sample fluorescence value; 
(r) using the third control fluorescence value to adjust 
the third sample fluorescence value to obtain an 
adjusted third sample fluorescence value; 
io (s) using the correction factor to correct the adjusted 

second sample fluorescence value to obtain a correc- 
ted second sample fluorescence value; 
(t) using the correction factor to correct the adjusted 
third sample fluorescence value to obtain a correc- 
15 ted third sample fluorescence value; and 

(u) concluding that the original sample contains at 
least one fecal coliform cell per 100 milliliters 
when the corrected second sample fluorescence value 
is positive and the corrected third sample fluor- 
20 escence value exceeds the corrected second sample 

fluorescence value . 

46. The method of claim 47 further comprising culturing a 
second portion of the original sample on an agar medium 
25 containing the actuating medium, incubating the culture medium 
in the incubation means for about seven hours, irradiating the 
culture medium after the incubation period with the predeter- 
""" mined " excitation ~ wavelength and"*" "counting - the" "number of 
microcolonies visible on the culture medium. 

49. The method of claim 48 further comprising applying an 
alkaline solution to the microcolonies for enhancing fluor- 
escence prior to counting the microcolonies. 

35 50. The method of claim 47, wherein the enzyme inducer is 
lactose, the surfactant is sodium lauryl sulfate, the enzyme 
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induced by the inducer is e-D-galactosidase , and the salt is 
NaCl . 

51. The method of claim 47 wherein the actuating medium 
further comprises about .004% to .006% by weight of 4-methylum- 
belliferone-e-D-glucuronide . 

52. A rapid presence-absence method for concluding when an 
original liquid or liquified sample contains at least one fecal 
coliform cell per 100 milliliters, comprising: 

(a) filtering a first portion of the original sample 
upon a first filter and a second portion of the 
original sample upon a second filter for concentrat- 
ing the live fecal coliform cells; 
15 providing an actuating medium having a fluorogenic 

substrate for yielding a fluorescent product; 

(c) providing a first sample container, a second sample 
container, a first control container, and a second 
control container, each containing a predetermined 

20 quantity of actuating medium therein; 

(d) placing the first filter into the actuating medium 
contained in the first sample container and the 
second filter into the actuating medium contained in 
the second sample container; 

25 ( ®) providing an incubation means having a heat trans- 

ference medium which maintains an intimate physical 
contact with each container disposed therein; 

(f ) - incubating the first sample container and the- first ~ ~ 

control container for a brief first duration; 

50 ( S) adjusting the pH of the contents of the first sample 

container and the contents of the first control 
container to an alkaline pH after the first dura- 
tion; 

(h) irradiating the first sample container and the first 
55 control container, after adjusting the pH , with a 

predetermined excitation wavelength of light; 
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(i) incubating the second sample container and the 

second control container for a second duration of 

about 20 to 30 minutes; 
(j) adjusting the pH of the contents of the second 
5 sample container and the contents of the second 

control container to an alkaline pH after the second 

duration; 

(k) irradiating the second sample container and the 
second control container, after adjusting the pH, 
io with the predetermined excitation wavelength of 

light; 

(1) measuring, after each irradiation step, a first 
sample fluorescence value from the first sample 
container and a first control fluorescence value 

»5 from the first control container and a second sample 

fluorescence value from the second sample container 
and a second control fluorescence value from the 
second control container; 
(m) using the first control fluorescence value and the 

20 first sample fluorescence value to obtain a correct- 

ion factor; 

(n) using the second control fluorescence value to 
adjust the second sample fluorescence value to 
obtain an adjusted second sample fluorescence value; 

25 (o) using the correction factor to correct the adjusted 

second sample fluorescence value to obtain a correc- 
ted second sample fluorescence value; and 
(p ) concluding—that the" original- sample contains at " 
least one fecal coliform cell per 100 milliliters 

30 when the corrected second sample fluorescence value 

is positive. 

53. The method of claim 52 wherein the concluding step further 
comprises concluding that the original sample contains at least 
35 25 fecal coliform cells per 100 milliliters. 



9420638A1 I > 



WO 94/20638 




PCT/NO94/00058 



44 



54. The method of claim 52 wherein the brief duration is less 
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than about five minutes. 

55. The method of claim 54 wherein the brief first duration 
is about two to about five minutes. 

56. The method of claim 52 further comprising culturing a 
second portion of the original sample oh an agar medium 
containing the actuating medium, incubating the culture medium 
in the incubation means for about seven hours , irradiating the 
culture medium after the incubation period with the predeter- 
mined excitation wavelength and counting the number of 
microcolonies visible on the culture medium. 

57. The method of claim 56 further comprising applying an 
alkaline solution to the microcolonies for enhancing fluor- 
escence prior to counting the microcolonies. 

58. The method of claim 52 wherein the medium further 
comprises 4-methylumbellif erone-e-D-glucuronide as a second 
fluorogenic substrate. 

59. A rapid presence-absence method for concluding when an 
original liquid or liquified sample contains at least one fecal 
coliform cell per 100 milliliters, comprising: 

(a) filtering a first portion of the original sample 
upon a first filter and a second portion of the 
original sample upon a second filter* for concentrat- ~~ 
ing the live fecal coliform cells; 

(b) providing an actuating medium having a fluorogenic 
substrate for yielding a fluorescent product; 

(c) providing a first sample container, a second sample 
container, a first control container, and a second 
control container, each containing a predetermined 
quantity of actuating medium therein; 

(d) placing the first filter into the actuating medium 
contained in the first sample container and the 
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second filter into the actuating medium contained in 
the second sample container; 

(e) providing an incubation means having a heat trans- 
ference medium which maintains an intimate physical 

5 contact with each container disposed therein; 

(f ) incubating the first sample container and the first 
control container for a brief first duration; 

(g) adjusting the pH of the contents of the first sample 
container and the contents of the first control 

io container to an alkaline pH after the first dura- 

tion; 

(h) irradiating the first sample container and the first 
control container, after adjusting the pH, with a 
predetermined excitation wavelength of light; 

15 (i) incubating the second sample container and the 

second control container for a second duration of 

about one hour ; 
(j) adjusting the pH of the contents of the second 

sample container and the contents of the second 
20 control container to an alkaline pH after the second 

duration; 

(k) irradiating the second sample container and the 
second control container, after adjusting the pH , 
with the predetermined excitation wavelength of 
25 light; 

(1) measuring, after each irradiation step, a first 
sample fluorescence value from the first sample 
container and" a first: control" fluorescence -value 
from the first control container and a second sample 
30 fluorescence value from the second sample container 

and a second control fluorescence value from the 
second control container; 
(m) using the first control fluorescence value and the 
first sample fluorescence value to obtain a correct- 
35 ion factor; 
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(n) using the second control fluorescence value to 
adjust the second sample fluorescence value to 
obtain an adjusted second sample fluorescence value; 
(o) using the correction factor to correct the adjusted 
5 second sample fluorescence value to obtain a correc- 

ted second sample fluorescence value; and 
(p) concluding that the original sample contains at 
least one fecal coliform cell per 100 milliliters 
when the corrected second sample fluorescence value 
10 corresponds to a molarity of 4-methylumbelliferone 

in second sample of at least about 0.01 jjmolar. 

60. The method of claim 59 wherein the brief duration is less 
than about five minutes. 

15 

61. The method of claim 60 wherein the first duration is about 
two to five minutes. 

62. The method of claim 59 further comprising culturing a 
20 second portion of the original sample on an agar medium 

containing the actuating medium, incubating the culture medium 
in the incubation means for about seven hours, irradiating the 
culture medium after the incubation period with the predeter- 
mined excitation wavelength and counting the number of 
25 microcolonies visible on the culture medium. 

63. The method of claim 62 further comprising applying an 
alkaline- solution to the microcolonies -for enhancing- fluor- 
escence prior to counting the microcolonies. 

50 

64. The method of claim 59 wherein the medium further 
comprises 4-methylumbel 1 if erone-e-D-glucuronide as a second 
f luorogenic substrate . 

* 65. A composition of matter comprising: water, 4-methylum- 
bel 1 if erone-3-D-galactoside and a medium, the composition for 
using in a test for determining if an original liquid or 
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liquified sample contains at least one fecal coliform cell per 
100 milliliters, the medium further comprising: 

about .4656 to .5456 by weight of a peptone; 
about .26* to .3456 by weight of a yeast extract; 
about . 456 to .696 by weight of an enzyme inducer; 
about .7356 to .7756 by weight of a salt; 
about . 4856 to .5256 by weight of pyruvate; 
about .0156 to .0356 by weight of a detergent; and 
about . 00956 to .01156 by weight of bile salts. 

66. The method of claim 65 wherein the peptone is proteose 
peptone No. 3, the enzyme inducer is lactose, the salt is NaCl 
and the detergent is sodium lauryl sulfate. 

15 67. The method of claim 65 wherein the medium further 
comprises 4-methylumbell if erone-e-D-glucuronide as a second 
f luorogenic substrate . 

68. The method of claim 67 wherein the actuating medium 
20 further comprises about .00456 to .00656 by weight of 4-methylum- 
bellif erone-e-D-glucuronide . 
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69, A composition of matter which when mixed with water and 
combined with an amount of 4-methylumbellif erone-e-D-galacto- 
side provides a medium for using in a test for determining if 
an original liquid or liquified sample contains at least one 
fecal coliform cell per 100 milliliters, the composition 
comprising: 

about 17* to 2196 by weight of a peptone; 

about 1056 to 14* by weight of a yeast extract; 

about 15* to 24* by weight of an enzyme inducer; 

about 28* to 30* by weight of a salt; 

about 18* to 21* by weight of pyruvate; 

about 0,3* to 1.2* by weight of a detergent; and 

about 0.3* to 0.5* by weight of bile salts. 

70. The method of claim 69 wherein the peptone is proteose 
peptone No. 3, the enzyme inducer is lactose, the salt is NaCl 
and the detergent is sodium lauryl sulfate. 

71. The method of claim 70 wherein the medium further 
comprises 4-methylumbellif erone-e-D-glucuronide as a second 
fluorogenic substrate. 

72. The method of claim 71 wherein the actuating medium 
further comprises about .1* to .3* by weight of 4-methylumbel- 
lif erone-e-D-glucuronide . 

73. A rapid direct count method for determining when an 
original liquid or liquified sample contains at least one- fecal 
coliform cell per 100 milliliters, comprising: 

(a) filtering a portion of the original sample upon a 
filter for concentrating the live * fecal coliform 
cells thereupon; 

(b) providing a culture medium comprising an actuating 
medium comprising: 

about .46* to .54* by weight of a peptone, 
about .26* to .34* by weight of a yeast extract, 
about .4* to .6* by weight of an enzyme inducer, 
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about .73* to .77* by weight of a salt, 
about .48* to .52* by weight of pyruvate, 
about .01* to .03* by weight of a detergent, 
about .009* to .011* by weight of bile salts, and 
further comprising a quantity of 4-methylumbellifer- 
one-e-D-galactoside for yielding 4-methylumbel- 
liferone as a fluorescent product; 
placing the filter onto the culture medium, the 
culture medium contained within a container; 
providing an incubation means having a heat trans- 
ference medium which maintains an intimate physical 
contact with each container disposed therein; 
incubating the culture container for a duration of 
about seven hours; 

irradiating the culture container after the incuba- 
tion duration with a predetermined excitation 
wavelength of light; 

counting the number of microcolonles visible on the 
culture medium; and 

concluding that the original sample contains at 
least one fecal coliform cell per 100 milliliters 
when at least one fluorescent microcolony is visi- 
ble. 
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The method of claim 73 wherein the peptone is proteose 
peptone No. 3, the enzyme inducer is lactose., the salt is KaCl 
and the detergent is sodium lauryl sulfate. 

75. The method of claim 73 wherein the actuating medium 
further comprises .004* to .006* by weight of 4-methylumbelli- 
ferone -e-D-glucuronide . 

76. The method of claim 73 further comprising applying an 
alkaline solution to the microcolonles for enhancing fluor- 
escence prior to counting the microcolonies . 
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Filtration 
(0.45pm MF) 

4 x 100 ml (Dup. 1) 
4 x 100 ml (Dup. 2) 



Rinsing 

4 x Dup. 1 
4 x Dup. 2 

4 x Reagent controls 



All samples (0)+ controls 
rinsed 3 x with 20 ml of 
dilution water 
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FIGURE 1 continued 



Reagent addition (3-10 ml 


each) 


MEDIA: BLANK: 


CALIBRATION: 


All sample 4 replicates 

replicates (8) 

4 reagent controls 


4 replicates 


• Samples mixed before incubation 




• Note: The 12 control/calibration "tubes" 
sample bottles (1000 ml) tested in 


serve all 
a series 



Incubation 

All samples, controls, blanks and 
calibration solutions 

• Sample replicates removed at 
"0", 2, 4, 6h 

• 44.5 # C ± 0.2* 
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FIGURE 1 continued 



Alkaline developer addition 

• All sanple temps must be 
44.5*C 

• 33 fil/ml developer 

• Added to all samples, 
controls, blanks, cal. 
solutions 

• - Mixed before reading 



Fluorescence Measurements 

• All sample temps must be 
approximately 44.5'C 

• "0", 2, 4, 6h readings 

• 2 sample replicates/reading 

• One blank, cal. solution, reagent 
control per reading 

Reading Sequence 

• 1 Blank 0 

• 1 calibration 500 

• 1 Reagent control 

• Sample replicates 
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FIGURE 1 continued 



Signol Interpretation 

A. If > 20 Net : + 

B. If < 20 Net and 
increasing over 2 
consecutive measurements: *+• 

C. If < 20 Net and stable 

or decreasing: — 



Note: "20" subject to change 
Net = Sample avg. less 
Reagent Control less ("0" 
reading less "0" reagent 



7 h Direct Count 
• Comparison with P. A. 
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FIGURE 2 
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FIGURE 3 
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FIGURE 5 
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